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® Semiconductor device having multilayered wiring structure with a small parasitic capacitance. 



@ The semiconductor device of the present inven- 
tion includes a semiconductor substrate on which 
are formed semiconductor elements, and a plurality 
of wiring layers formed on the semiconductor sub- 
strate via porous insulating films. The surface of the 
plurality of the wiring layers is preferably covered 
with a compact insulating film. The size of the pores 
in the porous insulating film is preferably 5 nm to 50 
nm in diameter, and the volume of the pores in the 
porous insulating film is preferably 50% to 80% of 
the total volume of the porous insulating film. The 
porous insulating film is formed by subjecting. a 
Sf mixed insulating film of a basic oxide and an acidic 
oxide to a heat treatment to precipitate only either 
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one of the basic oxide and the acidic oxide, and then 
^dissolving out selectively the basic or acidic oxide 
precipitated. 
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SEMICONDUCTOR DEVICE HAVING MULTILAYER ED WIRING STRUCTURE WITH A SMALL PARASITIC 

CAPACITANCE 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a wiring struc- 
ture for a semiconductor device, and more particu- 
larly to a semiconductor device having a mul- 
tiiayered wiring structure with a small parasitic ca- 
pacitance. 



technique called aerial wiring. In this technique, 
wiring is formed in the air without insertion of such 
an interiayer insulating film between metallic wir- 
ings. Although this aerial wiring technique makes it 

e possible to attain approximately the condition of e 
a 1.0, the technique has a drawback in that the 
wiring metal tends to generate sagging and de- 
formation because of the insufficient supporting 
portions of the wiring, which causes short-circuiting 

io between the wirings and breaking of the wirings, 
giving rise the wirings with poor reliability. 



Description of the Related Art 

With the view toward establishing a larger 
scale of integration for semiconductor devices, 
there are strong demands for development of tech- 
niques for making the wiring width and wiring spac- 
ing more minute and for multilayering of wirings. 
Under these circumstances, reduction in the para- 
sitic capacitance of wirings becomes important in 
the wiring technique together with reduction in the 
wiring resistance. The reason for this is that the 
parasitic capacitance increases with the increase in 
the wiring density or with multilayering of the wir- 
ings so that it becomes difficult to diminish the 
power consumption during dynamic operation of 
semiconductor elements. Furthermore, the reduc- 
tion in the parasitic capacitance of wirings brings 
about an improvement in the speed of signal trans- 
mission between semiconductor elements which is 
effective in increasing the operational speed of 
semiconductor devices. 

In order to reduce the parasitic capacitance, it 
becomes necessary to reduce the relative dielectric 
constant of the interiayer insulating film between 
the multifayered wirings. As such interiayer insulat- 
ing films, there have been known inorganic insulat- 
ing fiims like silicon oxide film as disclosed in 
"Proceedings of Third International IEEE VLSI Mul- 
tilevel Interconnection Conference," 1986, pp. 100- 
106 or in "Proceedings of First International IEEE 
VLSI Multilevel Interconnection Conference," 1984, 
pp. 37 - 44, organic insulating films like polyimide 
as disclosed in IEEE Journal of Solld-State Circuits. 
Vol. SC-13, No. 4. 1978, pp. 462-467, and the like. 
However, since the relative dielectric constant « of 
the former examples is on the order of 3.9 and that 
of the latter is about 3.0, these insulating films 
cannot be used as interiayer insulating films which 
satisfies the condition « £ 2.0 required for improve- 
m nt of operating speed. 

Besides the above, there is known a wiring 



SUMMARY OF THE INVENTION 

It is, therefore, an object of the present inven- 
tion to provide a semiconductor device which as a 
multilayered wiring structure with a small parasitic 
20 capacitance. 

The semiconductor device in accordance with 
the present invention includes a semiconductor 
substrate on which are formed semiconductor ele- 
ments, and a plurality of metallic wirings formed on 
25 the semiconductor substrate, the metallic wirings 
being formed in a multilayered form with porous 
insulating films interposed between adjacent wiring 
layers. Preferably, a porous insulating film is in- 
serted between the metallic wirings as the inter- 
30 layer insulating material, with the metallic wirings 
covered with a compact insulating film. 

The diameter of the pores of the porous in- 
sulating film is preferable to be in the range of 5 to 
50 nm, and the volumetric density of the pores of 
3$ the porous insulating film is preferable to be in the 
range of 50 to 80 %. 

Further, the forming process of the porous in- 
sulating film preferably includes the steps in which 
an insulating film which Is a mixture of a basic 
40 oxide and an acidic oxide Is deposited, then only 
the basic oxide or the acidic oxide is precipitated 
by a heat treatment, following that, only the basic 
oxide or the acidic oxide that is precipitated is 
dissolved. Pores are formed in the portions from 
46 which the above-mentioned substance is dissolved. 
It is preferable to form the mixed insulating film 
as a mixture of sodium oxide or calcium oxide and 
silicon dioxide or silicon dioxide/boron oxide, and it 
is preferable to have the concentration of sodium 
so oxide or calcium oxide contained in the mixed 
insulating film to be in the range of 15 to 25 moi 
%. After preparing the mixture as in the above, 
sodium oxide or calcium oxide along is dissolved, 
in the process of subjecting the mixed insulating 
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film to a h at treatment, it is preferable to set a 
temperature of the heat treatment in the range of 
350 to 500* C. 

In the present invention, a porous insulator 
having a large number of minute pores in an in- 
sulating film is used an an interlayer insulating film 
between the metallic wirings so that it is possible 
not only to reduce the relative dielectric constant of 
the interlayer insulating film (to less than or equal 
to 2) and but also to provide a metallic wiring 
sttucture with high reliability. 



BRIEF DESCRIPTION OF THE DRAWINGS 



The above and further objects, features and 
advantages of the present invention will become 
more apparent from the following detailed descrip- 
tion taken in conjunction with the accompanying 
drawings, wherein 

Fig. 1 is a longitudinal cross-sectional view 
of the semiconductor device of a first embodiment 
of the present invention; 

Fig. 2 is a longitudinal cross-sectional view 
of the semiconductor device of a second embodi- 
ment of the present invention; 

Fig, 3 through Fig. 8 are longitudinal cross- 
sectional views for explaining a method of manu- 
facturing the semiconductor device of the first em- 
bodiment of the present invention; and 

Fig. 9 through Fig. 17 are longitudinal cross- 
sectionai views for explaining a method of manu- 
facturing the semiconductor device of the second 
embodiment of the present invention. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



(First Embodiment) 

As shown in Fig. 1, on a surface of a semicon- 
ductor substrate 101 having semiconductor ele- 
ments formed thereon, these is formed an tonor- 
gamic insulating layer 102 such as silicon oxide 
film, silicon nitride film or silicon oxynitride film as 
a passivation film. After forming contact holes in 
the insulating film 102, a first metallic wiring 103 is 
formed using pure aluminum, aluminum containing 
silicon or the like, and a porous insulating film 104 
is deposited covering the first metallic wiring 103. 
Here, the porous insulating film 104 consists of an 
acidic oxide such as Si0 2l a basic inorganic insula- 



tor such as CaO or U2O or an organic insulator 
such as potyimide with volume density of pores of 
50 - 80 %. 

Then, after forming a metal 105 in the contact 

5 hole by electroless plating or low temperature CVD 
process, a second metallic wiring 106 is formed 
using a method similar to that of the first metallic 
wiring 103. Further, a porous insulating film 104 
and a third metallic wiring 107 are formed using 

10 means similar to the above, and a metal 105, a 
fourth metallic wiring 108 and a topmost porous 
insulating film 104 covering the metallic wiring 108 
are formed respectively. 

Next, the method of manufacturing the semi- 

is conductor device shown in Fig. 1 will further be 
described in detail. First, as shown in Fig. 3. on the 
surface of a semiconductor substrate 301 having 
semiconductor elements formed thereon, there is 
deposited an inorganic insulating film 3Q2 with two- 

20 layer structure of a silicon oxide film and a silicon 
oxynitride film. Here, the silicon oxide film is 
formed to have a thickness of about 1000 A by a 
CVD method while the silicon oxynitride film is 
formed to have a thickness of about 3000 A by a 

25 plasma CVD method. 

Subsequently, after forming a contact hole 303 
using a dry etching method, a first metallic wiring 

304 is formed as shown in Fig. 4. The metallic 
wiring 304 is formed by deposition of pure alu- 

00 minum metal by sputtering followed by a fine work- 
ing using dry etching. 

Then, a mixed insulating film 305 consisting of 
sodium oxide (Na 2 0) and silicon oxide (S1O2) is 
formed to have a thickness of 5000 A as shown in 

35 Fig. 5. The mixed insulating film 305 is deposited 
by a CVD method, a coating method or a sputter- 
ing method so that the concentration of sodium 
oxide is in the range of 15 to 25 mol %, As the 
coating agent, use is made of a mixture of R1S1- 

40 (ORzh or SKOR2K and NaOH with methyl-cei- 
Josolve used as -the solvent In the above, Ri and 
R 2 represent hydrocarbon compounds of the form 
C m H n . In the case of formation of the film using the 
CVD method, deposition is carried out in reaction 

4S furnace by mixing SiH*. N 2 0, NaOH gases or 
organic si lane series gases. 

A multilayered wiring is formed by using thus 
formed mixed insulating films 305 as the interlayer 
insulating films. The case of building a four-layered 

50 metallic wiring is shown as an example in Fig. 6. 

After forming a top layer of mixed insulating 
film as shown in Fig. 7, the mixed insulating film 

305 is converted to a porous insulating film 306 as 
indicated in Fig. 8. 

55 The conversion is carried out as in the follow- 
ing. A semiconductor substrate in the state of Fig. 
7 is subjected to a heat treatment at a temperature 
in the range of 300 to 500 * C in an inert gas such 
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as nitrogen or an oxidizing atmosphere. As a result 
of such heat treatment, a phase separation phe- 
nomenon in which the mixed insulating film 305 Is 
separated into Na 2 0 and Si02 takes place, giving 
rise to a micro-phase separation of "intertwining 
type" or "droplet type". 

Then, by immersing the substrate in an acidic 
treatment solution such as hydrochloric acid, NajO 
alone is dissolved and there are formed holes in 
the portions from which Na20 is dissolved out. The 
size of these pores depends upon that of HazO 
precipitation at the time of micro-phase separation. 
Under the conditions of heat treatment described 
above, there are formed numerous pores with di- 
ameter of about 10 nm. 

In the above, the case of using the Na20/SiC>2 
system which gives rise to a phase separation 
phenomenon as the mixed insulating film was de- 
scribed. However, similar effect can be obtained by 
employing other mixed insulating films of a basic 
oxide; an acidic oxide system which give rise to the 
phase separation phenomenon such as Li20/Si0 2 
system and CaO/Si02 system. 

Further, in the above embodiment, description 
was made in the case of carrying out the phase 
separation of the mixed insulating film 305 by the 
heat treatment in the last step. However, micro- 
phase separation may be introduced in each for- 
mation step of the mixed insulating film by provid- 
ing heat treatment It should be noted, however, 
that the dissolution of the precipitated insulator is 
to be carried out in the final step. 



(Second Embodiment) 

Referring to Fig. 2, the use of a porous Insulat- 
ing film 205 to be inserted between metallic wirings 
is analogous to the first embodiment, but a protec- 
tive insulating film 204 is formed covering the sur- 
face of the wiring metals. The protective insulating 
film 204 is constructed by a compact film with 
passivation effect such as a silicon oxynitride film 
of thickness of 100 -2000 A or a silicon nitride film 
with small stress. 

The remaining constitution of the embodiment 
is the same as that of the first embodiment. Name- 
ly, on a semiconductor substrate 201 having semi- 
conductor elements thereon, there is formed an 
inorganic insulating film 202 with a contact hole to 
separate the semiconductor substrate 201 from 
multilayered wiring layers to be laminated on it 
Then, metal wiring 203 laminated in the form of a 
multilayer and porous insulating films 205 serving 
as interlayer insulating films are formed. 

In the case of the present embodiment, wiring 
reliability can be improved to a large extent by 
isolating the porous insulating film 205 from the 



metallic wiring 203 by means of a protective in- 
sulating film 204. 

Next, the method of manufacturing the semi- 
conductor device shown in Rg. 2 will be described 
5 in detail. First, an inorganic insulating film 402 is 
deposited on the surface of a semiconductor 401 
and then a contact hole 403 is formed as shown in 
Rg. 9. 

Next, a first metallic wiring 404 is formed as 

70 shown in Rg. 10. Up to this step, things are the 
same as in the first embodiment. 

Then, after forming a polyimide film 405 having 
a thickness of 5000 A as an interlayer insulating 
film as shown in Rg. 11, a second metal wiring is 

is formed on the polyimide film 405 as shown in Rg. 
12. The case of a multilayered wirings of four 
layers is illustrated as an example in Rg. 13. 

Next, the polyimide films 405 used as the 
interlayer insulating films are removed completely 

20 by an 0 2 plasma treatment as shown in Rg. 14. 
Then, a protective insulating film 406 is formed 
using a compact substance such as silicon nitride 
to cover the metal wiring 404 as shown in Rg. 15. 
The protective insulating film 406 is deposited by a 

25 plasma CVD method to have a thickness in the 
range of 500 to 1000 A. 

Next, as shown in Rg. 16, after forming a 
mixed Insulating, film 407 using a mixed insulator of 
a basic oxide/an acidic oxide which is microphase 

30 separable by heat treatment as described in the 
first embodiment, the mixed insulating films 407 
are converted to porous insulating films as shown 
in Rg. 17. 

In this embodiment, the metal wirings are coat- 
as ed with a protective insulator so that there is ob- 
tained an effect of improving the reliability of the 
wirings compared with the first embodiment 

In the foregoing, the first embodiment as well 
as the second embodiment are described, but it is 
40 possible to realize a variety of alterations and addi- 
tions. For example, pores can be formed easily by 
mixing in advance 50 mol % or less of alkyl groups 
such as CH3, CaHs, C3H7 in a basic oxide or an 
acidic oxide, and then removing the alkyl group by 
45 subjecting the product to a heat treatment of 300 - 
500 * C. The heat treatment in this case will be- 
come effective by carrying it out in a vacuum of 
equal to or smaller than 10 Torr in an atmosphere 
with a trace of nitrogen or oxygen. Moreover, the 
50 reliability of the wirings can be enhanced, for ex- 
ample, by adding a step of removing impurities 
that are sticking to the side walls of the pores by 
giving a baking after formation of the porous in- 
sulating films, by forming an overall passivation 
55 film after formation of a multilayered wiring accord- 
ing to the present methods, and the like. 
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Claims 

1 . A semiconductor device comprising: 

a semiconductor substrate having semiconductor 
elements formed ther on; 

a plurality of wiring layers formed in a multilayered 
form on said semiconductor substrate to intercon- 
nect said semiconductor elements; and 
porous insulating films interposed between adja- 
cent layers of said wiring layers. 

2. A semiconductor device as claimed in claim 
1, further comprising a compact insulating film 
formed on the surface of said wiring layers. 

3. A semiconductor device as claimed in claim 

1, wherein the diameter of the pores of said porous 
insulating film is in the range of from 5 nm to 50 
nm. 

4. A semiconductor device as claimed in claim 

2, wherein the diameter of the pores of said porous 
insulating film is in the range of from 5 nm to 50 
nm. 

5. A semiconductor device as claimed in claim 

1, wherein the volume of the pores in said porous 
insulating film is in the range of from 50% to 80% 
of the volume of said porous insulating film. 

6. A semiconductor device as claimed in claim 

2, wherein the volume of the pores in said porous^ 
insulating film is in the range of from 50% to 80% 

. of the volume of said porous insulating film. 

7. A semiconductor device as claimed in claim 

5. wherein said porous insulating film is made of a 
material selected from the group of acidic oxides 
such as Si02, basic inorganic insulators such as 
CaO t NaaO and LiaO, and organic insulators such 
as polyimide. 

8. A semiconductor device as claimed in claim 

6, wherein said porous insulating film is made of a 
material selected from the group of acidic oxided 
such as Si0 2 , basic inorganic insulators such as 
CaO, Na2<D and LiaO, and organic insulators such 
as polyimide. 

9. A semiconductor device as claimed in claim 
2, wherein said compact Insulating film is made of 
silicon oxynitride film or silicon nitride film. 

10. A semiconductor device comprising: 

a semiconductor substrate having semiconductor 
elements formed thereon; 

a plurality of wiring layers formed in a multilayered 
form on said semiconductor substrate via porous 
Insulating films; and 

a compact insulating film formed on the surface of 
the wiring layers covering them. 

1 1 . A semiconductor device comprising: 

a semiconductor substrate having semiconductor 
elements formed thereon; 

a porous Insulating film formed on said semicon- 



ductor substrate; and 

a wiring layer formed on said porous insulating 
film. 

12. A method of manufacturing semiconductor 
5 device comprising the steps of: 

depositing an insulating film which is a mixture of a 
basic oxide and an acidic oxide on a semiconduc- 
tor substrate having semiconductor elements 
formed thereon; 
zo subjecting said mixed insulating film to a heat- 
treatment; 

forming a porous insulating film by selectively re- 
moving said basic oxide or said acidic oxide; and 
forming a wiring layer on said porous insulating 
75 film. 

13. A method of manufacturing semiconductor 
device comprising the steps of: 

forming a multilayered wirings using an organic 
substance as an interlayer insulating film; 

20 removing said organic substance; 

forming a compact insulating film covering the sur- 
face of said multilayered wirings; 
forming next an insulating film which is a mixture of 
a basic oxide and an acidic oxide between said 

25 multilayered wirings; 

subjecting said mixed insulating film to a heat 
treatment; and 

forming a porous insulating film by selectively re- 
moving said basic oxide or said acidic oxide. 
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